TOTAL MAXIMUM DAILY LOAD FOR TEMPERATURE

Summary Table
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New Mexico Standards Segment

Canadian River, 20.6.4.309

Waterbody Identifier

<Ponil Creek from the mouth on the Cimarron River to the confluence of North Ponil and South
Ponil Creeks, 15.8 mi.

Parameter of Concern

Temperature

Uses Affected

Ponil Creek — High Quality Coldwater Fishery

Geographic Location

Canadian River Basin (Cimarron)

Scope/size of Watershed

1032 mi? (entire Cimarron)
TMDL reaches: Ponil 333 mi?

Land Type

Ecoregions: Southern Rockies (210, 211)
Southwestern Tablelands (260, 261)

Land Use/Cover

Forest (86%), Rangeland (13%), Other<<(1%)

Identified Sources

Removal of Riparian Vegetation

Watershed Ownership

Private (68.9%), Forest Service (28.5%), State Game and Fish (2.6%)

Priority Ranking

4

Threatened and Endangered Species

None

TMDL for:
Temperature
Ponil Creek

WLA+ LA+ MOS=0+125.3 (joules/meter?/second/day)+13.9 (joules/meter?/second/day)
=139.2 (joules/meter?/second/day)
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EXECUTIVE SUMMARY

Section 303(d) of the Federal Clean Water Act requires states to develop Total Maximum Daily
Load (TMDL) management plans for water bodies determined to be water quality limited. A
TMDL documents the amount of a pollutant a water body can assimilate without violating a
state’s water quality standards. It also allocates that load capacity to known point sources and
nonpoint sources at a given flow. TMDLs are defined in 40 CFR Part 130 as the sum of the
individual Waste Load Allocations (WLA) for point sources and Load Allocations (LA) for
nonpoint sources, including a margin of safety (MOS), and natural background conditions.

The Cimarron River Basin is a sub-basin of the Canadian River Basin, located in northeastern
New Mexico. Exceedences of New Mexico water quality standards for temperature were
documented on Ponil Creek from the mouth on the Cimarron River to the confluence of North
Ponil and South Ponil Creeks (15.8 mi). Thermograph (temperature monitoring devices) were
located on Ponil Creek @ the USGS gaging station near Cimarron, NM from 7/17/98-9/23/98.
As a result of this monitoring effort, 342/1632 exceedances (approximately 21% of the time) of
New Mexico water quality standards for temperature were documented on Ponil Creek, with a
maximum temperature of 28°C. This site exceeded the Temperature Protocol for a one-time
maximum temperature (23°C)(Appendix A). Calibration and total thermistor error was factored
into these temperature readings. This TMDL document addresses these exceedences.

A general implementation plan for activities to be established in the watershed is included in this
document. The Surface Water Quality Bureau’s (SWQB’s) Watershed Protection Section will
further develop the details of this plan. Implementation of recommendations in this document
will be done with full participation of all interested and affected parties. During
implementation, additional water quality data will be collected. As a result, targets will be re-
examined and potentially revised; this document is considered to be an evolving management
plan. In the event that new data indicate that the targets used in this analysis are not appropriate
or if new standards are adopted, the load capacity will be adjusted accordingly. When water
quality standards have been achieved, the reach will be removed from the TMDL list.



http://www4.law.cornell.edu/uscode/33/1313.html
http://www4.law.cornell.edu/uscode/33/ch26.html
http://www.nmenv.state.nm.us/swqb/swqb.html
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Water Quality Limited Segment
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Background Information

The Cimarron River Bazs'n isasub-basin of the Canadian River Basin, located in northeastern New
Mexico. This 1032 mi watershed is dominated by both forest and rangeland (Figure 1) on mosily
private land. Inthe areas around Ponil Creek, the watershed is dominated by forest and rangeland,
mostly on private lands. Ponil Creek (from the mouth on the Cimarron River to the confluence of
North Ponil and South Ponil Creeks, 15.8 miles) has a sub-watershed size of 333 mi? and flows east
of the town of Cimarron.

Surface water quality monitoring stations were used to characterize the water qudity of the severd
stream reaches (see Figure 2). Stations were located to evaluate the impact of tributary streams and to
establish background conditions. As aresult of monitoring efforts, several exceedances of New Mexico
water qudity standards for temperature were documented on Ponil Creek. Probable sources of
nonsupport include remova of riparian vegetation.

Ponil Creek was evaluated for temperature impairment using temperature criteria in the 2000
New Mexico Standards for Interstate and Intrastate Surface Waters, the 1999 Temperature
Assessment Protocol, the 1999 Source(s) Documentation Protocol, and a temperature model
Stream Segment Temp (SSTemp). This evaluation was used to determine if a Total Maximum
Daily Load (TMDL) should be written for Ponil Creek for temperature.

Endpoint Identification

Target L oading Capacity

The New Mexico Water Quality Control Commisson (WQCC) has adopted numeric water quality
standards for temperature to protect the designated use of a (HQCWEF). These water quaity standards
have been st a alevd to protect cold-water aquatic life such astrout. The HQCWF use designation
requires that a stream reach must have water qudity, stream bed characteristics, and other attributes of
habitat sufficient to protect and maintain a propagating coldwater fishery (i.e., a population of
reproducing sdmonids). The primary standard leading to an assessment of use impairment is the
numeric criteria for temperature of 20°C (68°F)2.

Load Allocations

The Stream Segment and Stream Network Temperature M odels?

A temperature model SSTemp was utilized for Ponil Creek to predict stream temperatures based on the
Stream’ s geometry, hydrology and meteorology. These vaues were then compared to actua
thermograph readings measured in the fidld. The SSTemp mode closely approximated actud field


http://www.nmenv.state.nm.us/swqb/TemperatureProtocol.PDF
http://www.nmenv.state.nm.us/swqb/TemperatureProtocol.PDF
http://www.nmenv.state.nm.us/Oots/wqcc.htm

conditions. The temperature modd SSTemp was utilized to identify current stream and/or watershed
characterigtics that control stream temperatures in Ponil Creek. The modd aso quantifies the maximum
loading capacity of the stream to meet the water qudity standard for temperature (maximum of 20°C).
Thismode isimportant for estimating the effect of changing controls or factors (such as riparian grazing,
stream channd dteration, and reduced streamflow) on stream temperature. The modd can aso be
used to help identify possible implementation activities to improve stream temperature by targeting those
factors causng impairment to the stream.

The SSTemp Modd utilized Ponil Creek geometry, hydrology, and meteorology to predict minimum 24
hour temperatures, mean 24 hour temperatures, and maximum 24 hour stream temperatures for the
hottest times of the year (July- September 1998). These values were then compared to actua
temperature va ues taken from the stream (thermograph data).

The maximum daily water temperature is calculated by following a parcel of water from solar
noon at the top of the stream segment to the end of the segment, allowing it to heat up towards
the maximum equilibrium temperature.

Water temperature can be expressed as heat energy per unit volume. The Stream Segment
Temperature Modds (SSTEMP) provide an estimate of heat energy per unit volume expressed in
Joules (the absolute meter kilogram-second unit of work or energy equal to 107 ergs or approximately
0.7375 foot pounds) per meter squared per second (YM?/S) and Langleys (a unit of solar radiation
equivaent to one gram caorie per square centimeter of irradiated surface) per day.

The SSTEMP programs are currently divided into three related but separable components or
submodes. Though technicaly the programs can be run in any order, for our purposes, we will
conceptudize them in aphysicaly based order (Figure 3):

1 New Mexico Water Quality Control Commission, State of New Mexico Standards
for Interstate and Intrastate Streams( 20 NMAC 6.1), Subpart I - General, Section
1102 (1), p. 5, Subpart 111 - Definitions and Standards Applicable to Attainable or
Designated Uses, Section 3101(C), p. 44.

2 US Geological Survey, Biological Resource Division, Mid-continent Ecological
Science Center, River Systems Management Section, Fort Collins, CO, 1997. The
Stream Segment and Stream Temperature Models, Version 1.0, pp. 35-50
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Figure 3. Model Components

SSSOLAR
Determine solar radiation given the time of
the year, geographic location and meteorlogic
conditions

SSSHADE
Determine solar shading given time of year
and geographic location

v

SSTEMP
Determine stream temperature given stream
geometry, hydrology and full compliment of
meteorology measurements




Deter mining the L ocal Solar Radiation (SSSOLAR)’

To parameterize the model, follow the procedure outlined below:

Beginning Month and Day — Enter the number of the month and day, which gart thetime
period of interest.

Ending Month and Day — Enter the number of the month and day, which end the time period
of interest.

Number of Days — The number of daysis afactor, which tells the program when and how
often to sample during the period. If the results are for asingle day only, use one day. For
periods between a day and amonth, two daysis sufficient. Time periods greater than amonth
are not recommended.

L atitude (degrees and minutes) — Latitude refers to the position of the stream segment on the
earth’s surface relative to the equator. It may be determined from any standard topographic
map. Y ou should enter both degrees and minutesin the spaces provided.

Elevation — Determine mean eevation from the topographic map.

Air Temperature (°F) — Mean daily air temperature representative of the time period
modeled.

Relative Humidity (per cent) — Mean dally relative humidity representative of the time period
modeled.

Possible Sun (per cent) — Thisvaridble is an indirect measure of cloud cover. Ten percent
cloud cover is 90 percent possible sun. Estimates are available from the Wesather Service or

can be directly measured.
Dust Coefficient — This dimensonless vaue represents the amount of dust in the air.
Representative values are;

Winter - 6to13

Spring - 5t0 13

Summer - 3t010

Fal - 41011

If dl other variables are known, the dust coefficient may be cdibrated by usng known
ground-level solar radiation data. For the purposes of this modd, an intermediate value
is sufficient; the model is not very variable sengtive. For example, when modeling
summer conditions, entering 6.5 will suffice.

Ground Reflectivity (per cent) — The ground reflectivity is a measure of the amount of
short wave radiation reflected from the earth back into the atmosphere, and is afunction
of vegetative cover, snow cover or water. Representative values are:

3 US Geological Survey, Biological Resource Division, Midcontinent Ecological
Science Center, River Systems Management Section, Fort Collins, CO, 1997. The
Stream Segment and Stream Temperature Models, Version 1.0, pp. 37-39




Meadows and fidlds 14
Leaf and needleforest 5t0 20
Dark, extended mixed forest 4t05

Heath 10

Flat ground, grass covered 15t0 33
Flat ground, rock 12to 15
Hat ground, tilled soil  15to 30

Sand 10to 20
Vegetation, early summer 19
Vegetation, late summer 29
Fresh snow 80to 90
Old snow 60 to 80
Méelting snow 40 to 60
Ice 40 to 50
Water 5to15

The short wave radiation units are shown in Joules per square meter per second and in
Langleys per day. The laiter isthe common English measurement unit. The vauesto be
carried into SSTEMP are the radiation penetrating the water and the daylight hours.

Determining Solar Shading (SSSHADE)”

To parameterize the model, follow the procedure outlined below:

L atitude (degrees and minutes) — Latitude refers to the position of the stream segment on the
earth’s surface relative to the equator. It may be determined from any standard topographic
map. Y ou should enter both degrees and minutes in the spaces provided.

Azimuth (degrees) — Azimuth refers to the genera orientation of the stream segment with
respect to due South and controls the convention of which sde of the Sream is east or west. A
stream running north south would have an azimuth of 0°. A dream running northwest- southeast
would have an azimuth of —45 degrees. The direction of flow does not matter. Refer to the
following diagram for guidance:

4 US Geological Survey, Biological Resource Division, Midcontinent Ecological Science
Center, River Systems Management Section, Fort Collins, CO, 1997. The Stream
Segment and Stream Temperature Models, Version 1.0, pp. 40-44
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Once the azimuth is determined, usudly from the topographic map, the east and west Sdes are
fixed by convention

Width (feet) — Refer to the average width of the stream from water’ s edge to water’ s edge for
the appropriate time of the year. Note that the width and vegetative offset should usudly be
changed in tandem.

M onth — Enter the number of the month to be modeled.

Day — Enter the number of the day of the month to be modeled. This program’s output isfor a
sngleday. To compute an average shade value for alonger period (up to one month) usethe
middle day of that period. The error will usudly be less than one percent.

Topographic Altitude (degr ees) — Thisisameasure of the average incline to the horizon from
the middle of the stream. Enter avalue for both east and west Sdes. The dtitude may be
measured with a clinometer or estimated from topographic maps. In hilly country, topographic
maps may suffice,

Vegetative Height (feet) — Thisisthe average height for the shade-producing leve of
vegetation measured from the water’ s surface.

Vegetation Crown (feet) — Thisis the average maximum crown diameter for the shade-
producing leve of vegetation dong the stream.

Vegetation Offset (feet) — Thisisthe average offsat of the slems of the shade-producing level
of vegetation from the water’ s edge.

Vegetation Density (per cent) — Thisis the average screening factor (0 to 100%) of the
shade-producing level of vegetation dong the stream. It is composed of two parts: the
continuity of the vegetative coverage aong the stream (quantity), and the percent of light filtered



by the vegetation’s leaves and trunks (quality).

For example, if there is vegetation dong 25 percent of the stream and the average density of
that coverage is 85 percent, the total vegetative dengity is0.25 times 0.85, which equas
0.2125, or 21.25 percent. The vaue should aways be between 0 and 100 percent.

To give examples of shade qudity, an open pine stand provides about 65 percent light filtering;
aclosed pine stand provides about 75 percent light remova; relatively dense willow or
deciduous stands remove about 85 percent of the light; atight spruce/fir stand provides about
95 percent light removal. Aress of extensve, dense emergent vegetation should be consdered
90 percent efficient for the surface area covered.

The program will predict the total segment shading for the set of variables you provide. The
program will dso display how much of the total shade isaresult of topography and how much is
aresult of vegetation. The topographic shade and vegetative shade are added to provide tota
shade. However, one should think of topographic shade as dways being dominant in the sense
that topography aways intercepts radiation first, then the vegetation intercepts what isleft. The
vaue for tota segment shade is carried forward into the SST EM P program.

Determine Resulting Stream Temper atures (SSTEM P)§
To parameterize the model, follow the procedure outlined below:

Segment Inflow (cfs or cms) — Enter the mean daily flow &t the top of the stream segment. If the
segment begins at a true headwater, the flow may be entered as zero; al accumulated flow will accrue
from latera (groundwater) inflow. If the segment begins a areservair, the flow will be outflow from the
reservoir. The mode assumes steady-dtate flow conditions.

Inflow Temperature (°F or °C) — Enter the mean daily water temperature at the top of the segment.
If the segment begins at a true headwater, you may enter any water temperature because zero flow has
zero hedt. If thereisareservoir a the inflow, use the reservoir release temperature. Otherwise, use the
outflow temperature from the upstream segment.

Segment Outflow (cfsor cms) — The program calculates the latera discharge by knowing the flow a
the head and tall of the segment, subtracting to obtain the net difference, and dividing by segment length.
The program assumes that laterd inflow (or outflow) is uniformly apportioned through the length of the
segment. If any “magor” tributaries enter the segment, divide the segment into subsections between such
tributaries. “Mgor” is defined as any stream contributing greeter than 10 percent of the main stem flow.
Lateral Temperature (°F or ©C) — The temperature of the latera inflow, barring tributaries, should
be the same as the groundwater temperature. In turn, groundwater temperature is often very closeto
the mean annud air temperature. This can be verified by checking US Geologicd Survey (USGS) well

5 US Geological Survey, Biological Resource Division, Midcontinent Ecological Science
Center, River Systems Management Section, Fort Collins, CO, 1997. The Stream
Segment and Stream Temperature Models, Version 1.0, pp. 44-49




log temperatures. Obvious exceptions may arise in areas of geotherma activity. If irrigation return flows
make up most of the laterd flow, they may be warmer than mean annua air temperature.
Return flow temperature may be gpproximated by equilibrium temperatures.
Segment Length (milesor kilometers) — Enter the length of the segment for which you want to
predict the outflow temperature.
Manning's n (dimensionless) — Manning' s n is an empirical measure of the stream’s “roughness” A
generdly acceptable default vaue is 0.035. The variable is necessary only if you are interested in
predicting the minimum and maximum daily fluctuation in temperaiures. Thisvariable is not used in the
prediction of the mean daily water temperature, and the model is not particularly sengtivetoit.
Elevation Upstream (feet or meters) — Enter the eevation as taken from a 7- 1/2 minute quadrangle
map.
Elevation Downstream (feet or meters) - Enter the elevation as taken from a 7-1/2 minute
quadrangle topographic map.
Width's A Term (dimensionless) — Thisvariable may be derived by calculating the wetted width
versus discharge relationship. To conceptualize this, plot the width of the segment on the Y-
axis and discharge on the X-axis. Three or more measurements are much better than two.
The relationship should approximate a straight line, the slope of which is the B term.
Substitution of the stream’s actual wetted width for the A term will result if the B term is
equal to zero. Thisis satisfactory if you will not be varying the flow, and thus the stream
width, very much in your simulations. If, however, you will be changing the flow by a factor
of 10 or so, you should go to the trouble of calculating the A and B terms more precisely.
Width’s B Term (dimensionless) — The B term is caculated by linear measurements from the above
mentioned plot. A good estimate in the absence of anything better is 0.20 (Leopold, 1964).
Thermal Gradient (Joules/M eter?/Second/® C) — This quarntity is ameasure of the rate of thermél
flux from the streambed to the water. The mode is not particularly sengitive to this variable. The default
vaueis 1.65.
Air Temperature (°F or °C) — Enter the meandally ar temperature. This and the following
meteorologica variables may come from weether reports, which can be obtained for aweather Sation
near the Site.
Reative Humidity (per cent) — Obtain the mean dally reative humidity for the area by measurement
or from the wesather service,
Wind Speed (miles’hour or meter /'second) — Measure or obtain from the Wesather Service.
Per cent Possible Sun (per cent) — Thisvariableis an indirect measure of cloud cover. Ten percent
cloud cover is 90 percent possible sun. Estimates are available from the Wesather Service or can be
directly measured.
Solar Radiation (L angleys/day or Joules/meter?/second) — Enter the results from the SSSOLAR
program. If you use a source other than SSSOLAR (such as Cinquemani 1978), you should assume
that approximately 93 percent of the ground-level solar radiation actudly entersthe water; therest is
assumed to bereflected. Thus, multiply any recorded ground-level solar measurements by 0.93 to
cdculate the radiation actudly entering the water.
Daylight Length (hours) — Adjust the time between sunrise and sunset for the time of year. Y ou may
use the SSSOL AR program to caculate this.

Segment Shading (per cent) — This variable refers to how much of the segment is shaded by
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vegetation, cliffs, etc. If 10 percent of the water surface is shaded, enter 10. To be accurate,
the SSSHADE modd should be used to predict the actua shading value based on topography,
vegetative coverage and vegetative dengity.

Inlieu of usng the SSSHADE model, you may think of the shade factor as being the average
percent of water surface shaded throughout the day. In actuality, shade represents the percent
of the incoming solar radiation that does not reach the water.

Ground Temperature (°F or °C) — Usemean annud ar temperature from the weather
sarvice.

Dam at Inflow (Yes=1 No = 0) — If aresarvoair is supplying the inflow, enter a1, otherwise
enter a0.

The maximum daily water temperature is caculated by following aparce of water from solar noon at
the top of the stream segment to the end of the segment, dlowing it to heat up towards the maximum
equilibrium temperature. If there is an upstream reservoir or spring that is the source of congtant
temperature water, and the distance upstream is less than the distance traveled by the water parcel from
solar noon to the end of the segment, the water parcel from the dam’ s discharge is heated instead of the
water parcel afull haf-day’stravel upstream. The stream segment meteorology and geometry supplied
as variables will gpply to the distance upstream through which the water column travels.

The program will predict the 24-hour minimum, mean and maximum daily weater temperature for the set
of variables provided. The theoretical basisfor the modd is strongest for the mean daily temperature.
The maximum daily temperature varies as a function of severd different factors.

The mean daily equilibrium temperature is that temperature which the mean dally water temperature will
goproach if dl conditions remain the same as the water parcel travels downstream. Of course, all
conditions cannot remain the same, since the devation changesimmediately.

The maximum daily equilibrium temperature is that temperature which the maximum daily water
temperature will approach.

Other resultsinclude the intermediate variables average width, average depth and dope, cdculated from
the twenty input variables, and the heat flux components. These hegt flux components are abbreviated
in the program’ s output as follows:

ATM = atmospheric component

CVN = convection component

CDN = conduction component

EVP = evaporation component

FRC = friction component

SOL = solar radiation component

VEG = vegetative radiation component
WAT = water’ s back radiation component

11



Assumptions and Limitations®

There are saverd assumptions that apply to SSTEMP. These assumptionsin turn dictate the limitations
in terms of modd gpplications.

Firg, SSTEMPisageady state modd. It assumesthat the conditions being smulated involve only
steedy flow — no hydropesking can be smulated unless the flows are essentidly congtant for the entire
averaging period. The minimum average period isone day. Similarly, the boundary conditions of
SSTEMP are assumed homogeneous and congtant. This has implications for the maximum sze of the
network smulated for asingle averaging period.

Second, SSTEM P assumes homogeneous and instantaneous mixing wherever two sources of water are
combined. Thereisno laterd or vertical temperature distribution (or dispersion/diffuson), represented
in the modd.

Third, SSTEMP itsdlf is meant solely for stream temperature predictions. It will not handle stratified
reservoirs, though river-run reservoirs with equilibrium releases may be smulated.

Fourth, SSTEMP is not a hydrology modd. 1t should be relied on to digtribute flows in an ungaged
network. That is often an additiond, non-temperature model task.

Fifth, SSTEMP may not be reliable in very cold conditions, i.e., water temperatureslessthan 4°C. Itis
not meant for ice or the like.

Findly, SSTEMP has been tested only in the northern hemisphere.

Temper atur e Allocations as Deter mined by Per cent (%) Shade

The following table shows outputs of the two-month modd run from July 1 through September 1 on
Ponil Creek. As the percent total shade is increased, the maximum 24-hour temperature decreases
until the HQCWF standard (20°C, 68°F) isachieved. On Ponil Creek, this occurs when the
percent total shade of the modd is 55 and higher. The actud load allocation (LA) of 139.2
jouleshmeter?/second is achieved at 59 percent shade or higher according to the model runs.

6 US Geological Survey, Biological Resource Division, Midcontinent Ecological Science
Center, River Systems Management Section, Fort Collins, CO, 1997. The Stream
Segment and Stream Temperature Models, Version 1.0, pp. 26-27
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Solar Radiation
Rosgen WQSs Model Segment Component per 24- % % % Temperature Temperatur
Channel (HQCWF) Run Length Hours Total Topo Veg F eC
Class Dates (mi) Shade Shade | Shade (24 hour)
(+/-) (24 hour)
C5 20C July 1 15.8 Current Field 29 20 8 Minimum Minimum
Stream (68F) thru Condition 54.24 12.36
Type Sept 1 214.8 Mean Mean
. ) 63.87 17.71
joules/meter?/ Maximum Maximum
second 73.50 23.06
* 55 20 35 Minimum Minimum
136.1 52.98 11.66
joules/meter?/second : :
] Mean Mean
Stream Segment Temperature 60.38 15.77
Model (SSTEMP) Maximum Maximum
6778 19.88
TEMPERATURE ALLOCATIONS AS .
DETERMINED BY % SHADE ON PONIL
CREEK
* DENOTES24 HOUR ACHIEVEMENT OF
SURFACE WATER QUALITY STANDARD
FOR TEMPERATURE
Actual Reduction in Solar Load to this
Stream to meet the State surface water
quality standard is:
214.8 joules/meter?/second (current condition) —
136.1 joules/meter?/second (55% shaded water)
78.70 joules/meter¥/second
" Denotes the achievement of the 125.3
joules/meter%second load allocation (LA)
" 1253 59 |20 39 gﬂzigi?’m“m ﬁig;m“m
: 2 . .
joules/meter?/second Mean Mean
59.88 15.49
. Maximum
Maximum 19.40
66.93

Two Month Summer Model Run On Ponil Creek
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Linkage of Water Qudlity and Pollutant Sources

Where available data are incomplete or where the level of uncertainty in the characterization of sources
islarge, the recommended approach to TMDL s requires the development of alocations based on
edtimates utilizing the best avallable informetion.

SWQOB fiddwork includes an assessment of the potentia sources of impairment

(SWOB/NMED 1999a). The Pollutant Source(s) Documentation Protocol, shown as Appendix C,
provides an gpproach for avisua andysis of a pollutant source along an impaired reach. Although this
procedure is subjective, SWQB fedsthat it provides the best avallable information for the identification
of potentid sources of impairment in this watershed.

Ponil Creek isformed with the confluence of North Ponil Creek and Middle Ponil Creek. It is possble
that this creek isimpaired due in part to upstream influences. The primary source of impairment aong
this reach isthe remova of riparian vegetation. The land surrounding this creek is privately owned.

Decreased effective shade levels result from reduction of riparian vegetation. Thisleadsto increased
incident solar radiation on the water surface and therefore increased energy loading. Wider stream
channdl's aso increase the stream surface area exposed to sunlight and heat trandfer. Riparian areaand
channd morphology disturbances are attributed to past, and to some extent current, rangeland grazing
practices, which have resulted in reduction of riparian vegetation and streambank destabilization. These
nonpoint sources of pollution primarily affect the water quality parameter temperature through increased
solar loading by: (1) increasing stream surface solar radiation and loading and (2) increasing stream
surface areaexposed to solar radiation loading (Eigure 4).

Riparian vegetation, stream morphology, hydrology, climate and geographic location and aspect
influence stream temperature.

Although climate and geographic location and aspect are outsde of human control, the condition of the
riparian area, channel morphology and hydrology can be affected by land use activities.

Specificdly, the devated summertime stream temperatures attributable to anthropogenic causesin the
Cimarron River Basin result from the following conditions:

1. Channd widening (increased width to depth ratios) increases the
stream surface area exposed to incident solar radiation,

2. Riparian vegetation disturbance reduces stream surface shading,
riparian vegetaion height and dengity,

3. Reduced summertime base flows. Base flows are maintained with a

functioning riparian system <0 that |oss of riparian vegetation will
lower and sometimes diminate base flows.

14



Anayses presented in this TMDL will demongtrate that defined loading capacities will ensure attainment
of State water qudity standards.

Specificdly, the rdationship between shade, solar radiation, and water quality atainment will be

demondtrated. Vegetation density increases will provide necessary shading, aswell as encourage bank-
building processes in severe hydrologic events.

Margin of Safety (MOS)

TMDLs should reflect amargin of safety based on the uncertainty or variability in the data, the point and
nonpoint source load estimates, and the modding andyss. For this TMDL, there will be no margin of
safety for point sources, since there are none.

A MOS may be expressed as undlocated assmilative capacity or conservative andytical assumptions
used in edablishing the TMDL (eg., derivation of numeric targets, modding assumptions or
effectiveness of proposed management actions).

The MOS may ke implicit, utilizing conservative assumptions for caculaion of the loading capacity,

WLAs and LAs. The MOS may aso be explicitly stated as an added separate quantity in the TMDL
caculation.

In the development of this temperature TMDL, the following conservative assumptions were used to
parameterize the modd:

Warmest time of the year was used in the modeling due to the seasondity of
temperature exceedences (July 1 through September 1).

The average 1998 monthly ambient air temperatures for July and August.

Actua eevation and latitude/longitude were determined by using aglobd
positioning system (GPS) at the Ste.

Low flow (4Q3) was taken from the USGS gage # 07207500 Ponil Near
Cimarron, NM.

Stream channd geomorphology was used to determine the level of functiondity of
the stream aong with other physica field measurements that were used in the modeling
process.

Actual wetted-width of the sream was used.

Actud stream channd type was characterized asa“C” channdl.
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Response of receiving waters under various alocation scenarios.

Different shading scenarios were used to show the decrease in water
temperatures & critica low flow (see table).

Expresson of andyssresultsin ranges.

Analysis results provide arange of temperature outputs (see table).

Because of the high qudity of dataand information that was put into this mode and the continuous field
monitoring data used to verify these modd outputs, an explicit MOS of 10 percent is assgned to this
TMDL.
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Consideration of Seasond Variation

Section 303(d)(1) of the CWA requires TMDLsto be established at alevel necessary to implement the
applicable water quality standard with seasond variation”. Both stream temperature and flow vary
seasonally and from year to year. Water temperatures are coolest in winter and early spring months.

Thermograph records show that temperatures exceed State water quality standardsin summer and early
fal on Ponil Creek. Warmest stream temperatures corresponded to prolonged solar radiation exposure,
warm air temperature and low flow conditions. These conditions occur during late summer and early fall
and promote the warmest seasond instream temperatures.

Future Growth

Egtimations of future growth are not anticipated to lead to a Sgnificant increase for temperature that
cannat be controlled with best management practice (BMP) implementation in this watershed. Ponil
Creek ison private land.

Monitoring Plan

Pursuant to Section 106(€)(1) of the Federa Clean Water Act, the SWQB has established appropriate
monitoring methods, systems and procedures in order to compile and andyze data on the qudity of the
surface waters of New Mexico. In accordance with the New Mexico Water Qudity Act, the SWQB
has developed and implemented a comprehensve water quality monitoring strategy for the surface
waters of the State. The monitoring strategy establishes the methods of identifying and prioritizing weater
quality data needs, specifies procedures for acquiring and managing water quality data, and describes
how these data are used to progress toward three basic monitoring objectives: to develop water
qudity-based controls, to evauate the effectiveness of such controls and to conduct water quaity
assessments.

The SWQOB utilizes arotating basin system gpproach to water quaity monitoring.  In thissystem, a
select number of watersheds are intensively monitored each year with an established return frequency of
every fiveyears.

The SWQB maintains current quality assurance and quality control plansto cover al monitoring
activities. This document, “Quadity Assurance Project Plan for Water Quaity Management Programs’
(QAPP) is updated annudly (SWOB/NMED 1999b). Current priorities for monitoring in the SWQB
are driven by the 303(d) list of streams requiring TMDLs. Short-term efforts will be directed toward
those waters which are on the EPA TMDL consent decree (Forest Guardians and Southwest
Environmenta Center v. Carol Browner, Adminigtrator, US EPA, Civil Action 96-0826 LH/LFG,
1997) list and which are due within the first two years of the monitoring schedule. Once assessment

18


http://www4.law.cornell.edu/uscode/33/1256.html
http://www4.law.cornell.edu/uscode/33/ch26.html
http://www.lexislawpublishing.com/sdCGI-BIN/om_isapi.dll?clientID=8900&infobase=nmsa1978.NFO&jump=ch.%2074%2c%20art.%206&softpage=document#JUMPDEST_ch.74,art.6
http://www.nmenv.state.nm.us/swqb/2000-2002_New_Mexico_303d_List.pdf
http://www.nmenv.state.nm.us/swqb/CDNM.html

monitoring is completed those reaches showing impacts and requiring a TMDL will be targeted for more
intendve monitoring. The methods of data acquisition include fixed-gation monitoring, intensive surveys
of priority water bodies, including biologica assessments, and compliance monitoring of industrid,
federal and municipa dischargers, and are specified in the SWQB Assessment Protocol
(SWQB/NMED 1998).

Long term monitoring for assessments will be accomplished through the establishment of sampling Sites
that are representative of the waterbody and which can be revisited every fiveyears. Thisgivesan
unbiased assessment of the waterbody and establishes along term monitoring record for smple trend
andyses. Thisinformation will provide time rdevant information for use in 305(b) assessments and to
support the need for developing TMDLS.

The approach provides:
0 asydemaic, detailed review of water quality data, alowing for a more efficient use of vauable
monitoring resources.
o information a ascae where implementation of corrective ectivitiesisfeasble.
0  anedablished order of rotation and predictable sampling in each basin, which alows for
enhanced coordinated efforts with other programs.
o0  program efficiency and improvementsin the basis for management decisons.

It should be noted that a basin will not beignored during its four year sampling histus. Therotating
basin program will be supplemented with other data collection efforts. Data will be anayzed, field
studies will be conducted, to further characterize identified problems, and TMDLs will be developed
and implemented. Both long term and field Studies can contribute to the 305(b) report and 303(d) listing
Pprocesses.

The following schedule is a draft for the sampling seasons through 2002 and will be followed ina
consistent manner to support the New Mexico Unified Watershed Assessment (UWA) and the
Nonpoint Source (NPS) Management Program. This sampling regime dlows characterization of
seasond variaion through sampling in spring, summer, and fal for each of the watersheds.

1998 - Jemez, Chama (above El Vado), Cimarron (above Springer), Santa Fe, San Francisco

1999 - Chama (below El Vado), middle Rio Grande, Gila, Red River

2000 - Dry Cimarron, upper Rio Grande (part1)

2001 - Upper Rio Grande (part 2), upper Pecos (headwaters to Ft. Sumner), lower Pecos (Roswell
south)

2002 - Mimbres, Closed Basins, Zuni, Canadian Basin, lower Rio Grande, San Juan, Rio Puerco
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http://www.nmenv.state.nm.us/swqb/NPS_Management_Plan-1999.PDF

I mplementation Plan

Management Measures

Management measures are “economically achievable measures for the control of the addition of
pollutants from existing and new categories and classes of nonpoint sources of pollution, which reflect
the greatest degree of pollutant reduction achievable through the gpplication of the best available
nonpoint pollution control practices, technologies, processes, Sting criteria, operating methods, or other
dternatives’ (USEPA, 1993). A combination of best management practices (BMPs) will be used to
implement this TMDL.

Introduction

Water temperature influences the metabolism, behavior, and mortdity of fish and other aquatic
organisms that affect fish. Natura temperatures of awaterbody fluctuate daily and seasondly. These
naturd fluctuations do not diminate indigenous populations, but may affect exising community structure
and geographicd digtribution of species. Anthropogenic impacts can lead to modifications of these
naturd temperature cycles, often leading to deeterious impacts on the fishery.

The following are examples of sources that can cause temperature exceedances.

Lack of shading caused by remova of riparian vegetation,

Streambank destabilization,

Reduced base flows caused by such activities as remova of riparian vegetation and manipulation of
flows by dams,

Excessve turbidity, and

Alterations in stream geomorphology. This can occur when the natural scouring process leads to
degradation, or excessive sed